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Work  on  this  contract  focused  on  two  topics  which  relate  to  low-order 
nonlinear  ocean  dynamics:  1)  understanding  the  manner  in  which  dynamical 
constraints  -  specifically,  vorticity  conservation  or  lack  thereof  -  affect 
oceanic  particle  motion;  and  2)  assessing  whether  low-order  behavior  can  be 
detected  in  the  temporal  evolution  of  large  scale  geophysical  flows. 

Work  on  the  connection  between  vorticity  dynamics  and  particle  motion  is 
summarized  by  Brown  and  Samelson  (1994).  The  important  result  of  this 
paper  is  that  chaotic  particle  motion  is  precluded  in  two-dimensional 
incompressible  flows  which  conserve  vorticity  (or  potential  vorticity) 
provided  the  vorticity  distribution  is  nonuniform.  This  result  has 
important  implications  for  numerical  and  analytical  studies  of  chaotic 
advection  in  geophysical  flows  (because  the  assumed  flows  are  generally 
prescribed  without  regard  to  any  associated  vorticity  dynamics)  and  for  the 
interpretation  of  oceanic  f loat/drif ter  trajectories  which  seem  to  be 
chaotic. 

Work  on  the  search  for  low-order  behavior  in  geophysical  flows  resulted  in 
the  development  of  a  data  analysis  tool  which  we  call  "dynamic  EOF 
analysis."  Low  order  behavior  is  the  type  of  behavior,  possibly  including 
chaos,  associated  with  systems  of  a  small  number  of  generally  nonlinear 
coupled  ordinary  differential  equations.  The  new  "dynamic  EOF  analysis" 
tool  generalizes  a  technique  developed  originally  to  analyze  time  series  in 
such  a  way  that  temporally  evolving  spatial  fields  can  be  analyzed.  The 
purpose  of  this  tool  is  to  uncover  underlying  low-order  behavior  if  it  is 
present  in  a  temporally  evolving  field.  Application  of  this  technique 
uncovered  low-order  behavior  in  SST  anomalies  in  the  eastern  tropical  Pacific 
(Bauer  and  Brown,  1992).  For  mid-latitude  flows,  however,  no  low-order 
behavior  has  been  uncovered. 
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Work  on  topic  1  resulted  in  a  proof  that  chaotic  particle  motion  is  precluded  in  two-dimensional  incompressible  flows  which 
conserve  vorticity  (or  potential  vorticity)  provided  the  vorticity  distribution  is  nonuniform.  This  result  has  important 
implications  for  numerical  and  analytical  studies  of  chaotic  advection  in  geophysical  flows  and  for  the  interpretation  of 
oceanic  float/drifter  trajectories. 

Work  on  topic  2  resulted  in  the  development  of  a  data  analysis  tool  which  we  call  “dynamic  EOF  analysis”  whose  purpose  is 
to  uncover  underlying  low-order  behavior,  if  it  is  present,  in  a  temporally  evolving  field.  Application  of  this  technique 
uncovered  low-order  behavior  in  SST  anomalies  in  the  eastern  tropical  Pacific  but  not  in  mid-latitude  flows. 
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